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Preface

The final report is written in two volumes.
In the first volume we present the design
philosophy of the new lobe mixers tested,
and then analyze the results of various
acoustic and aerodynamic tests done at
NASA Lewis Research Center, Cleveland,
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ii

Ohio and Aero Systems Engineering
FluiDyne Laboratories, St. Paul, Minnesota
over a period of three years (1995-1997).
The second volume is a compilation of data
from the plume survey and the aerodynamic
data for the acoustic tests.
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Part 1

Plume Survey Data

Von D. Baker
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SUMMARY

During December 1996 and 1997, exhaust
plume survey measurements were taken on
several scale models of  Rolls-Royce
Allison exhaust acoustic mixer designs with
the objective of reducing the take-off and
approach noise signature of advanced civil
turbofan engines. The plume data was
plotted and  analyzed for Rolls-Royce
Allison by Allison Advanced Development
Company (AADC) from the NASA data
files transmitted to Rolls-Royce Allison.

These tests were conducted at the NASA-
LeRC as part of the AST program under
contract NAS3 27394, Task Order 6. The
purpose of this report is to present the plume
data analysis of immediate interest to Rolls-
Royce Allison Acoustic Design Group.
Additional plume data analysis is also
provided in Part 2. Data plots and pertinent
comments are presented in the following
order:

1. Plume Velocity Data Plots

1.1 Maximum “centerline” velocity
decay

1.2 Selected velocity profiles at
x/D=0.2

1.3 Selected velocity profiles at
x/D=1.0

1.4 Selected velocity profiles at all
x/D values from 0.2 to 10.0

1.5 Typical “Jet Wake Diagram”

2. Plume Total Temperature Data Plots
2.1 Maximum “centerline” Tt decay
2.2 Selected Tt profiles at x/D=0.2
2.3 Selected Tt profiles at all x/D
values from 0.2 to 10.0

3. Conclusions
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1.0 Plume Velocity Data Plots

Selected plume velocity data piots are
presented as shown in Figures 1 to 59. The
plume velocity was calculated by NASA
from the measured total pressure (Pt), static
pressure (Ps) and total temperature (Tt)
values at each measurement step taken in the
plume. From isentropic flow equations, the
sonic velocity and local Mach number at
each step was calculated and then converted
to the local plume axial velocity in ft/sec.

A simplified sketch of the NASA traversing
rake assembly and measurement axis
definition is shown in Figure A. The
rectangular array traversing rake assembly
consisted of one vertically aligned set of Pt
rakes, one vertically aligned set of Tt rakes,
and two vertically aligned sets of Ps taps, all
aligned in the “Z” direction. In operation,
the array was positioned at different axial
distances from the nozzle exit plane, or x/D
values, and then traversed across the plume
using a motorized drive. The “x value is the
axial distance in inches and “D” is the
nozzle exit diameter of 7.250 inches
nominally.

The x/D values varied from a minimum of
0.2 to a maximum of 10.0. A full survey
consisted of x/D values of 0.2, 0.5, 1.0, 3.0,
5.0,7.5, & 10.0. Ateach x/D location either
a “full” traverse or partial traverse of the
“center” region (or lateral sweep) by the
rectangular array across the plume was made
in 1/4” steps in the “Y” direction. The data
was acquired in an over-lapping manner
such that a corresponding measured Pt, Tt,
and Ps value was obtained for each data
point location in the Y-Z measurement
plane.

A “full” survey typically swept from left to
right a “Y” distance of -4.75 inches to +4.75
inches from the center of the array. In order



to conserve testing time, a “center” traverse
was also used for several x/D values that
would typically vary from -0.75 inches to
+0.75 inches. The vertical or “Z" sweep
was constant at -5.00 inches to +5.00 inches,
with 1/4 inch spacing between adjacent
probes, in all cases being defined by the
spacing built into the array.

The respective fan and core nozzle pressure
ratios (NPR) and total temperature ratios
tested were selected to simulate different
take-off thrust settings of an advanced
wurbofan engine for two typical aircraft
installation cycles, referred to as the “F” and
“G” cycles, and a growth engine cycle,
referred to as the “H” cycle. The test
conditions are summarized in Table L. To
simplify the discussion, the test conditions
are hereafter referred 1o by the core NPR
value.

A free stream take-off Mach number of 0.2
was simulated by placing the test mixers
inside a large circular pipe which discharged
ambient air over the mixers to simulate
forward flight effects.

The 1996-97 NASA plume tests included
the five mixers listed in Table II. Due to
testing problems, it was not possible to test
all mixers over the same range of test
conditions. Also, all mixers were tested with
a common baseline exhaust nozzle with a
reference or “100%” mixing length. The 12
lobe baseline mixer (12CL) was also tested
with a shortened “50%” length nozzle of
reduced mixing length.

1.1 Maximum “centerline” velocity decay

Figures 1 through 8 were plotted from the
data files for selected mixer configurations.
These plots show the decay of the maximum
profile velocity at each x/D value tested,
normally from x/D of 0.2 to 10.

NASA/CR-—2002-210823/VOL2

The maximum velocity was obtained by
visually scanning the velocity data file for
each x/D value data set. In most cases, as
expected, the maximum velocity was found
to be at the center of the array which was
intended to coincide with the nozzle
centerline location. In some cases, the
maximum velocity was found to be located
at a slightly off-center location in the array.
This off-setting of the profile may be due to
a shift in the alignment of the
instrumentation array relative to the nozzle
centerline, when the nozzle is flowing.

Figure | compares the maximum velocity
decay for each mixer at the 1.39 core NPR
condition. In general, all of the mixers
exhibit a constant maximum velocity core
length of about 1 diameter, except the 12
lobe baseline mixer (12CL) with 50% nozzle
length. Beyond this length the core begins to
decay at a somewhat linear rate when
plotted on the logarithmic abscissa scale.
The 20 lobe deep mixer (20DH) exhibits
lower velocities than the other mixers;
however, surprisingly, the 20 lobe
unscalloped mixer (20UH) which was only
tested up to x/D of 1.0 shows the lowest
velocities.

Figure 2 shows the effect of the 1.54 and
1.74 core NPR schedule for the 12 lobe
baseline mixer (12CL) and 20 lobe deep
scalloped mixer (20DH). Trends similar to
the data in Fig. 1 are noted; however, the
velocity levels are increased which reflect
the higher NPR schedules. Again, the 20
lobe deep scalloped mixer (20DH) exhibits
the lowest velocities. Note that in both
Figures 1 and 2, the plume velocity tends to
converge to the same value for all mixers, at
a given NPR schedule, at x/D of about 10.
This suggests that the benefit of the mixer
geometry in affecting the velocity decay
diminishes beyond x/D of 10 and is



primarily controlled by approaching the
ideal mixed velocity (conservation of mass,
energy, and momentum) which is a function
of the bypass ratio (BPR) and total
temperature ratio of the fan and core stream.

Figures 3 through 8 show additional
maximum ‘“centerline” velocity plots at
other selected conditions with trends similar
to those noted above.

1.2 Selected velocity profiles at x/D=0.2

Figures 9 through 18 show typical velocity
traverses at x/D=0.2 which was the nearest
measurement x value to the nozzle exit
plane. The vertical height , Z, plotted on the
abscissa scale represents the probe locations,
typically in 1/4 inch spacings, above and
below the nozzle centerline. Thus, the true
orientation of the velocity profile can be
obtained by tuming the plot 90 degrees such
that the velocity scale is along the horizontal
(centerline) direction.

Note that the nozzle exit diameter is 7.250
inches for all plots. Thus the location of the
nozzle exit relative to the “Z” scale can be
noted at a value of + and - 3.625 inches (the
nozzle radius). Velocities outside the nozzle
radius are thus indicative of the free stream
flow conditions and boundary layer on the
external diameter of the nozzle.

The plotted “Y” values represent the
traverse location, in inches, of the rakes.
Figure 9 shows a typica “center” survey
with Y values from -0.75 inches to +0.75
inches on either side of the center meridian
plane. Thus a Y value of 0.0 represents the
plane containing the nozzle centerline.
Figure 10 is the same condition as Figure 9
but shows a typical “full” survey in the Y
direction with Y values from -4.75 to
+4.75; however, for clarity some of the in
between Y values were deleted. Figure 11
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shows a “full” survey with the maximum
number of Y values that can be plotted by
Excel, in this case, from Y =-4.75 to Y=3.75
( values from 3.75 to 4.75 were deleted due
to plotting restrictions).

One way to understand the velocity profiles
is to visualize a knife making parallel slices
through a round cake. Thus near the edge of
the cake (i.e., Y= +/- 3.5 inches) the “slices”
are more narrow, parabolic shaped whereas
a slice at the center diameter of the cake
(Y=0) defines the maximum width of the
cake. i.e., the plume.

It should be noted that since the data were
taken in a rectangular array, as selected by
NASA, a rectangular array or “slices” was
therefore the most cost-effective way to plot
the plume data. Some surface plots are also
included.

The Y traverses at x/D of 0.2 show a
relatively complex but basically symmetrical
velocity profile about the nozzle centerline.
Some general observations can be made by
comparing the profiles in the following
figures as shown in Table I

Referring to Figure 10, a relatively “flat”
velocity profile is noted for the 20 lobe deep
mixer (20DH) at around 800 ft/s, with a
maximum velocity “peak” to just under
1000 ft/s occurring at the centerline. A more
complex velocity profile is observed for the
12 lobe baseline mixer (12CL) in Figure 12,
with a center “peak” and two basically
symmetrical outer “peaks” with velocities
from about 950 ft/s, dropping to a “trough”
of around 750 ft/s and then increasing to the
maximum centerline velocity of just over
1000 ft/s. A similar trend is noted in Figure
13 for the baseline mixer with 50% length
nozzle except the corresponding peaks are
about 50 ft/s higher suggesting less mixing
with the shorter length nozzle. The tongue



mixer, Figure 18, exhibits a velocity profile
characteristic between the 20 lobe deep
mixer (20DH) and the 12 lobe mixer with
less peaking observed on the outer two
peaks, but about the same centerline velocity
of just over 1000 ft/s.

The other plots in this section are for
different NPR operating conditions and, in
general reflect the same trends as noted
above with the velocity levels increasing
with increasing NPR values and conversely.

1.3 Selected velocity profiles at x/D=1.0

Figures 19 through 25 show the changes in
the velocity profile at x/D=1.0. The main
change in the profile, for a given NPR
schedule, appears to be more mixing at the
outer edge reflected by the tapering inwards
of the outer profile towards the center with
some small reduction in peak velocities
compared to the profile at x/D of 0.2.
Figure 20 shows this tapering in of the outer
profile for the 12 lobe mixer (12CL) at 1.39
NPR)core, with a corresponding peak
centerline velocity of about 1050 fus.
Increasing the NPR)core value 10 1.74
(Figure 23) resulted in peak centerline
velocities approaching 1400 ft/s for the 12
lobe baseline mixer (12CL), dropping to
around 1250 ft/s maximum for 1.54
NPR )core (Figure 24).

1.4 Selected velocity profiles at all x/D
values from 0.2 to 10.0

Figures 26 through 59 show typical
examples of the transformation of the
velocity profile from x/D of 0.2 to x/D of
10.0 for several NPR operating conditions
and mixers. In general, the profile decay is

somewhat similar in each case in terms of

profile shape transformation. The discreet
effects of the mixer geometry on the plume
velocity profiles can usually be discerned at
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x/D values from 0.2 up to around 3.0 to 5.0.
Beyond this x/D distance, the profiles show
more similarity with less individualized
profiles due to the mixer geometry.

Figures 41 through 46 show the profiles for
the 12 lobe baseline mixer (12CL) as an
example which show the coalescence of the
three distinct velocity peaks at x/D of 0.5
(Figure 41), to the leveling off of the outer
peaks at x/D=3.0 (Figure 43), to the
“parabolizing” of the contour to one center
peak at x/D=5.0 (Figure 44), and a gradual
decreasing of the parabolic-shaped profile to
a lower velocity level (Figure 46) at
x/D=10.0. This general trend in the plume
profile transformation occurred for all
mixers with velocity levels changing with
NPR levels as noted previously.

The symmetry of the  velocity
measurements, from the upper half to the
lower half of the profile, generally show
good agreement; i.e., the profile is observed
to be basically “mirrored”  within
measurement accuracy from top to bottom.
There are some exceptions to this, as, for
example, shown in Figures 43 and #4.
These figures show some “blips” in the
velocity profile at Z=3.0 to 3.25 that is not
the same “‘mirrored” shape as noted at Z=-
3.0 to -3.25. It is noted that these blips occur
at all Y values, at the same Z values of
approximately 3 to 3.5, and this pattern also
repeats at other x/D values and mixer types.

1.5 Typical “Jet Wake Diagram”

It is possible to use the velocity contour
plots at each x/D value to construct what is
referred to as a “jet wake diagram” for each
mixer. Jet wake (or plume) diagrams are
commonly included in the Military
Specifications requirements for turbojet and
turbofan engine model specifications to
depict the extent of the engine exhaust



velocity and temperature decay at SLS
maximum thrust operation, or other
specified conditions.

The jet wake diagram shows lines of
constant velocity (or temperature) decay as a
function of the non-dimensional horizontal
distance x/D, and vertical distance z/D (the
same as r/D). Since the horizontal and
vertical distance is non-dimensionalized to
the same reference dimension, nozzle
diameter, it is thus possible to “visualize” in
proportion the plume velocity spreading rate
and outer boundary when plotted in this
manner.

Figure 60 shows a typical example of a
velocity jet wake diagram for the 20 lobe
deep mixer (20DH). This diagram was
constructed using the velocity contour plots
at each x/D value by determining the z
values corresponding to the values of 200,
400, 600 ft/sec, etc. The z values were then
non-dimensionalized to z/D for plotting vs.
x/D. Curves drawn through each
corresponding constant velocity point yields
the final jet wake diagram. Similar diagrams
could be constructed for other mixers or
operating conditions if desired.

2.0 Plume Total Temperature Data Plots

The total temperature rake array, as shown
in Figure A, was used to measure the Tt
values in the exhaust plume, in degrees R,
and was traversed across the plume as
discussed previously in Section 1.0.

2.1 Maximum “Centerline” Tt Decay

Examples of maximum “centerline” total
temperature plots are shown in Figures 61
and 62. These plots were generated in the
same manner as the maximum velocity plots
discussed  earlier except the total
temperature data files were scanned for a
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maximum value, which, again, occurs at or
near the nozzle centerline.

Referring to Figure 61 for 1.39 NPR)core
and 2.34 Tt)core/Tt)fan, the maximum Tt
plots tend to exhibit the same characteristics
as the maximum velocity plots, namely: an
approximately linear decay (on logarithmic
scale) at x/D values beyond 1.0; a merging
of the plots at x/D approaching 10.0, and
approximately 150 deg lower Tt, or
advantage, for the 20 lobe deep mixer
(20DH) compared to the 12 lobe baseline
mixer (12CL) at x/D of 1.0.

This lower temperature  advantage
significantly diminishes at X/D of 10.0
where the data for all mixers tend to merge
to the same Tt value which again illustrates
the global effect of the ideal mixed
temperature being a function of BPR and
Tt)core/Tt)fan (conservation of energy)
rather than mixer type. As can been seen,
however, the 20 lobe deep mixer (20DH)
does enhance the mixing, by reducing
maximum temperatures at a given x/D, in
the very near field from the nozzle exit up to
about x/D of 5.0 where the global effects
begin to predominate and determine the
“fully mixed” temperature decay.

Figure 62 shows the Maximum Tt decay for
the 20 lobe deep mixer (20DH) at the higher
1.61 NPR condition. The trends, compared
to the 20L data in Figure 61, are basically
the same except the very near field Tt levels
in Figure 62 are about 100 degrees R hotter
reflecting the increased Tt) core temperature
and other flow condition differences.

2.2 Selected Tt profiles at x/D=0.2

Figures 63 through 65 show typical total
temperature “slices” through the plume at
x/D=0.2 for the 20 lobe deep mixer (20DH)
and internal tongue mixer (12TH). Referring



to Figure 63 for the 20 lobe deep mixer
(20DH) at the 1.39 NPR)core condition, the
Tt plots are characterized by a fairly
significant evidence of mixing for “Z”
heights greater than 1.0 inches. For “Z”
values less than 1.0 inch the profile begins
to peak with a very rapid temperature spike
developing at the centerline (Z=0) indicating
significantly reduced mixing within this
zone.

Although the temperature spikes at the
centerline are significant, the area within a 1
inch radius is less than 8 % of the nozzle
exit geometric area, or conversely, 92% of
the exit area has a significantly reduced,
partially mixed, temperature.

Figure 64 shows a similar temperature
profile for the 20 lobe deep mixer (20DH) at
the 1.54 NPR)core condition. The centerline
maximum Tt is approximately 150 R deg.
hotter reflecting the increased thrust setting
condition.  Figure 65 shows the same
condition for the internal tongue mixer
(12TH). Note that the centerline maximum
temperature is about 70 degrees hotter for
the tongue mixer, and the outer temperature
zone show two smaller temperature spikes at
about 700 deg. R and a profile that is
different than that shown for the 20 lobe
deep mixer (20DH) in Figure 64.

2.3 Selected Tt Profiles at all x/D Values
from 0.2 to 10.0

Figures 65 to 72 characterize the Tt profile
for the 20 lobe deep mixer (20DH) at the
1.54 NPR)core condition at x/D values from
0.2 to 10.0, which illustrate significant
temperature contour transformation as the
plume undergoes mixing.

At x/D of 0.2, nearest the nozzle exit, the
characteristics described above are repeated
in Figure 66. At x/D of 0.5, the profile has
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not changed significantly, except the
maximum “centerline”  temperature is
observed to have shifted slightly off-center
to a “Z” value of 0.25 inches.

At x/D of 1.0, Figure 68, the maximum
temperature level continues to drop at the
centerline, with a less noticeable change in
the outer zones. Moving to x/D of 3.0 the
mixing process causes a more significant
“smoothing” of the outer zone with a very
symmetrical, “bell” shaped profile being
produced .

Moving on to x/D values of 50, 7.5 and
10.0, shown in Figures 70, 71 and 72
respectively, the smooth “bell” shaped
profile continues to reduce at the center zone
and spread outwards. The contour is
observed to be, within measurement
accuracy, fairly symmetrical and does not
exhibit any non-symmetrical “blips” as
noted earlier in the velocity profiles. It is
noted that while the temperature profiles
appear to be very symmetrical, the center of
the profile is shifted slightly in the positive
«7”  direction away from the nozzle
centerline at x/D values of 0.5, 7.5 and 10.0,
i.e., as seen in Figure 72. The reason for this
shift is not known, but may be related to the
shift observed previously in the velocity
profiles.

3.0 Conclusions

1. The 1996-97 AST Mixer plume testing
has generated a very significant data bank of
plume measurements for several Rolls-
Royce Allison acoustic mixers. A small
portion of this data, showing representative
trends, has been presented in this report,
and other plots, of specific interest, can be
generated as required in the future.

2. The plotted plume data show velocity and
total temperatures that range from fairly



complex contours near the nozzle exit to
more smoothly “parabolic” or “bell-shaped”
contours at x/D values of 10.0 as the mixing
process approaches a more fully mixed
condition. The benefit of the mixer
geometry in enhancing the mixing process is
clearly shown by the reduced “core” length
of the plume, typically about one nozzle
diameter long, as compared to a classical,
axisymmetric convergent nozzle where the
core length is on the order of six to eight
nozzle diameters long.

3. While the effect of the individual mixer
geometric designs can be seen in the
maximum centerline velocity and
temperature values very near to the nozzle
exit plane, i.e. at x/D values generally less
than 1.0, the mixer individual “signature”
effects are significantly reduced as the
centerline decay values tend to merge for all
mixers at x/D approaching 10.0 and are
influenced by the global mixing effects
dictated by energy conservation at the given
BPR and total temperature ratio of the test
condition.

4. The individual velocity and total
temperature contours for all mixers show
some general similarity as the contours are
transformed by the mixing process with

NASA/CR—2002-210823/VOL2

increasing x/D position. In general, the
profiles are symmetrical, from top to
bottom, in the vertical measurement plane
(as the “Y” value is traversed). Some
symmetry anomalies were observed in the
velocity profiles (in the “Z” plane) which
may be due to bad probe data. Also,
observed shifts in the maximum or
centerline velocity and temperature values
(Y’ value of 0.0) may be due to small
misalignment between the hot nozzle and
the plume rakes.

5. The plume survey data will be very useful
in future comparisons to CFD results in
evaluating the accuracy of predicted plume
temperature and velocity profiles. Also, the
plume data should be of value in the analysis
of the corresponding acoustic data taken
with each mixer. In particular, the velocity
profiles at x/D of 0.2 may be useful in
obtaining an integrated average velocity for
use in correlating with the acoustic data.
Further work should also be expended in
comparison of this database with other
published plume data for forced mixers, if
available. This database may also be of use
in the design of infra-red (I-R) suppression
exhaust nozzles where rapid temperature
mixing is required to reduce the I-R
signature.



Table I Test Conditions for Mixer Plume Tests

Condition NPR)core NPR)fan Tt)core/Tt)fan Mn)FS = (M(£j))

Cycle F 1.39 1.44 2.34 0.2
Cycle G 1.54 1.61 2.62 0.2
Cycle H 1.74 1.82 2.79 0.2

Table II 1995-96 Rolls-Royce Allison/NASA Mixers
Mixer Description Exhaust Nozzle Length | Comments
12 lobe baseline (12CL) 100% With lobe sidewall cut-outs
12 lobe baseline (12CL) 50% With lobe sidewall cut-outs
20 lobe deep-scalloped (20DH) 100% Common lobe design
20 lobe deep-scalloped (20DH) | 100% Common lobe design
Internal tongue (12TH) 100% 12 pairs of tongues

Table III Profile Comparison Examples

Mixer/Nozzle Test Condition Figure
20 Lobe Deep /100% L (20DH) 1.39 NPR)core 10
12 Lobe B’Line/100% L (12CL) 1.39 NPR)core 12
12 Lobe B’Line/50% L (12CL) 1.39 NPR)core 13
Internal Tongue/100% L (12TH) 1.39 NPR)core 18
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Part 2
Additional Plume Survey Data

Von D. Baker
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SUMMARY

The purpose of this part is to present the
second phase of the additional plume data
analysis which included: (1) non-
dimensional plume total temperature and
velocity comparisons, (2) selected total
temperature color contour plots, and )
comparisons of the earlier 1995 mixer
plume temperature data with the 1996-97
plume temperature data.

The data, with pertinent comments, are
presented in the following order:

1. Non-dimensional total temperature and
velocity comparisons

1.1 Maximum “centerline” Tt / ideal
mixed Tt for all mixers

1.2 Maximum “centerline” velocity/
ideal mixed velocity

1.3 “n” temperature parameter for
selected mixers at x/D=0.2

1.4 “n” temperature parameter versus

fan NPR at x/D=0.5

2. Total temperature comparisons from
1995 mixer plume tests

o

Total temperature contour plots for

selected mixers and test conditions

3.1 Contour plots for selected mixers
from 1996-97 plume tests

3.2 Contour plots for selected mixers
from 1995 plume tests

4. Conclusions
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For the 1995 tests described in section 2.0,
the rake assembly consisted of total pressure
(Pt) and total temperature (Tt) probes but no
static pressure (Ps) probes. Also, the nozzle
used in the 1995 tests is the same as that
used for the 1996-97 tests. Similarly, the
nozzle/mixer test conditions are also
described in Part 1 for the 1996-97 tests.
The test conditions for the 1995 tests
described in section 2.0 are given in Table 1.
As in Part 1, to simplify the discussion, the
test conditions are hereafter referred to by
the core NPR values.

1.0 Non-dimensional total temperature
and velocity comparisons

The maximum measured, i.e. “centerline”
total temperature was non-dimensionalized
by dividing by the T igeal mixed where, from
the energy equation:

(e ¥ ) +mec, T,

CO.

(more-*-n}avj *Cp—mi.xed ’

tidealmixed

m = weight flow rate, ¢, = specific heat at
constant pressure.

1.1 Maximum “centerline” Tt / ideal
mixed Tt for all mixers

Fig. 1 shows the comparison of the
maximum total temperature divided by ideal
mixed total temperature versus x/D for all of
the 1996-97 mixers at the 1.39 NPR)core
condition. This shows the 20 lobe deep
mixer (20DH) to have a low temperature
ratio, but, as noted in Part 1, the 20 lobe
unscalloped mixer (20UH) shows the lowest
ratio but it only has data at three x/D values.
Note that the ratios for all mixers tend to
converge at x/D values near 10 which
implies the location in the plume where
centerline temperatures approach the ideal



mixed temperature. Fig. 2 shows similar
trends for the 20 lobe deep mixer (20DH)
for the 1.54 NPR)core condition. Fig. 3
shows a typical cross-section cut of the
temperature ratio through the plume at
x/D=0.2 for the Internal Tongue Mixer
(12TH) which shows the same profile
characteristics as reported previously in Part
1, except for being normalized with respect
to the ideal mixed velocity.

Fig. 4 shows the same trend as Fig. 1 except
for the higher operating condition of 1.74
NPR)core which causes the peak
temperature ratio levels to be higher than
shown in Fig. 1. Note that the temperature
ratio for all mixers again approaches 1 near
x/D of 10.

Fig. 5 illustrates schematically that the ideal
mixed temperature is not the final
equilibrium temperature for the plume.
While the data shows that the ideal mixed
temperature is reached at an x/D value
approaching 10, the plume temperature must
eventually reach the free stream ambient
sink temperature to reach thermal
equilibrium. While no plume temperature
data was taken beyond x/D of 10, it is
assumed that the plume temperature would
exponentially decay to the sink temperature
in a manner similar to that shown in Fig. 5,
although the slope of the extrapolation may
be flatter than shown.

1.2 Maximum “centerline’ velocity / ideal
mixed velocity

Tuming now to the non-dimensional
maximum “centerline” velocity
comparisons, an ideal mixed velocity was
defined as follows:

1. Calculate the mass flow rate averaged
mixed NPR:
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(m* NPR),, +(m* NPR) ,,

mixed

NPR

(m +mﬁm)

care

2. Calculate isentropic velocity function
from NPR) mixed and gamma)mixed,
and calculated ideal mixed velocity
using previously calculated Tt)mixed:

N P Rmixed = Videal / Tt-m:‘xed

—_— *
Videal - Videal / Tl—mixed \)Tt-mued

where Vigea is defined as the ideal “mixed”
velocity.

It is noted that other definitions of “ideal
mixed” velocity could be defined. For
example, the ideal unmixed velocity of each
stream can be calculated separately and then
mass averaged to obtain a “mixed” ideal
velocity. Another approach would be to

calculate m\/f I(P,A,;) for the mixed

stream at the nozzle exit plane to obtain the
velocity function which is then converted to
ideal mixed velocity using the ideal mixed
temperature as per above step 2. The “ideal

mixed” velocity calculation  method
selected, while not claiming to be rigorous,
is felt to be adequate for relative
comparisons.

Figs. 6 and 7 show the measured maximum
velocity divided by ideal mixed velocity for
the 20 lobe deep mixer (20DH) and 12 lobe
mixer with cutouts (12CL) at the 1.54 and
174 NPR)core operating conditions
respectively. A characteristic decay similar
to the non-dimensional Tt decay discussed
previously is noted. The 20 lobe deep mixer
(20DH) shows lower values compared to the
12 lobe mixer with cutouts (12CL), but,
again the two mixers tend to converge near
x/D values approaching 10. The curves tend
to cross the ideal velocity (scale reading of
1.00) at x/D values of around 8.0, as



opposed to the previous temperature
comparisons  showing  ideal mixed
temperature levels being attained near x/D
of 10.0

1.3  “n” temperature parameter for
selected mixers at x/D=0.2

The non-dimensional total
parameter, 1, is defined as:

temperature

(T,

1-measured Tl— Sfan )

(T, -T

t~core 1- fan )

n:

n is thus seen to vary between 0.0 and 1.0
since the measured Tt will either be equal to
or greater than the fan Tt or equal to or less
than the core Tt. This parameter is used by
ASE FluiDyne as a non-dimensionalizing
temperature  “tracing”  parameter in
correlating data from dual flow model tests
involving mixers, thrust-reversers, etc, to
full-scale conditions.

If, for a given configuration, 1 is known
from a model test, a corresponding fuli-scale
“measured” temperature can be solved for
by substituting into the M equation the
corresponding full-scale core and fan Tt
values provided the full scale unit is
operated at the same NPR and BPR values
as the model. Thus, n-correlations are of
interest for applications of the test mixers to
other operating conditions. It should be
noted that for the 1996-97 NASA plume
data shown here, the temperature data was
obtained with an external free stream flow
simulation of 0.2 Mach number. Thus any
application of the m values to other mixer
flow conditions would implicitly include
this free stream simulation. The 0.2 Mach
number external flow effect on plume decay
does not appear to be highly significant in
the near-field plume for x/D values up to
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10.0 except locally along the outer plume
mixing boundary.

Figs. 8 through 10 show the 1 distributions
for the mixer with cutouts (12CL), at 100%
and 50% nozzle length, and the internal
tongue mixer (12TH) at the maximum test
condition of NPR)core = 1.74 at x/D = 0.2.
The 20 lobe deep mixer (20DH) was not
tested at this condition at x/D = 0.2, but was
tested at x/D = 0.5 as shown in Fig. 11.
Previous comparisons of the Tt distributions
from Part 1 do not show significant Tt decay
between x/D of 0.2 and 0.5; thus, including
Fig 11 with the other data comparisons at
x/D of 0.2 is probably valid. In general, the
1 distributions reflect the same trends
exhibited by the Tt distributions reported
earlier in Part 1. This includes a rapid center
spike, indicating temperatures approaching
the core temperature near the centerline of
the mixer, with an outer symmetrical
“valley” profile followed by smaller
“peaks”. The mixer with cutouts (Figs. 8 and
9) exhibiting the highest amplitude from
“valley” to “peak”, followed by the internal
tongue mixer (Fig. 10). The outer peaks and
valleys were significantly reduced in
amplitude for the 20 lobe deep mixer
(20DH) (Fig. 11), again reflecting the
previous Tt trends.

Fig. 12 shows a completely non-
dimensionalized n plot for the internal
tongue mixer where both the Z and Y
dimensions have been normalized by the
nozzle diameter, D. Although the n values
in Fig. 12 are for NPR)core = 1.54, the
distribution trends are very similar to those
shown in Fig. 10 for NPR)core = 1.74.

Figs. 13 and 14 show m distributions at the
NPR)core = 1.39 condition for the 20 lobe
deep scalloped mixer (20DH) and 20 lobe
unscalloped mixer (20UH) at x/D=0.2. Note
that the unscalloped mixer, 20UH, (Fig. 14)



shows a slightly lower m value (lower
measured Tt) at the centerline, as discussed
earlier, compared to the 20 lobe deep
scalloped mixer (20DH) (Fig. 14); however,
note also that the 1 distributions in the
annular areas where the mixers are located
show less mixing occurring for the
unscalloped mixer (20UH) (more outer peak
amplitude) compared to the deep scalloped
mixer (20DH).

Comparing Figs. 13 and 14, by inspection it
would appear that an integrated average M
value (area under the curve) for the deep
scalloped mixer (Fig. 13) would be less than
the corresponding average M for the
unscalloped mixer (Fig. 14). If true, then
the 20 lobe deep mixer (20DH) would
exhibit greater mixing for all “outer” annular
zones ( Z values greater than + or - 1.0 inch)
except near the centerline of the mixer.

While the deeply scalloped mixer (20DH) is
intuitively believed to have better mixing
capability than the unscalloped mixer
(20UH), a presumption which is also
suggested by the 1} comparisons in the outer
zones of the plume, the reason for 20DH
mixer’s slightly higher maximum centerline
n (and Tt) values is not immediately
obvious.

It should also be noted that the small
negative M values shown on the above
figures is the result of temperature survey
measurements extending outside the plume
and into the external free stream which has a
measured Tt value slightly lower than the
fan stream Tt. The cross-over between
negative and positive M values is thus
indicative of the approximate location of the
plume outer boundary.
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1.4 “n” temperature parameter versus
fan NPR at x/D = 0.5

Fig. 15 compares the effect of the fan NPR
on the maximum centerline M value at
x/D=0.5 for the 20 lobe deep mixer
(20DH), internal tongue mixer (12TH)and
12 lobe mixer with cutouts (12CL)s. Note
that the core NPR and Tt)core/Tt)fan ratios
are also changing according to the scheduled
test values as the fan NPR changes. Thus,
the n values plotted reflect the combined
effect of all three flow variables changing
simultaneously  along  a scheduled
characteristic to simulate the engine thrust
variation as described in Part 1, page 3. 1If
the fan and core NPR values had been held
constant, and only the Tt ratio varied, the n
values would have been expected to be
essentially constant in keeping with the non-
dimensional characteristic of the 1M
parameter.

In terms of maximum 7 levels, Fig. 15
basically reflects the same trends seen
previously in the Tt plots, i.c., the 12 lobe
mixer with cutouts (12CL) has the highest 1
values, the 20 lobe deep the lowest, and the
tongue mixer being slightly lower than the
12 lobe mixer with cutouts (12CL).

2. Total temperature comparisons from
1995 mixer tests

During September, 1995 tests were
conducted at NASA-Lewis to measure
plume Pt, and Tt data, and velocity (from
LDV measurements), for the four mixers
listed in Table II. Only the total temperature
data was examined and reported below.

The 1995 tests used the same 100% length
nozzle with 7.250 inch exit throat diameter
as used in the 1996-97 plume testing. Only
one set of flow condition was tested for the
1995 tests as given in Table I, which is the



same as the “Cycle F” conditions tested in
1996-97 except for the free stream Mach
number values of 0.1 and 0.3. compared to
0.0 and 0.2 for the 1996-97 tests.

The 1996-97 Plume tests included the five
mixers listed in Table II of Part 1. The 1995
Plume tests included four mixers as listed
inn Table II below.

The 1995 plume tests were of limited scope
compared to the 1996-97 tests, and do not
contain as complete a database.  For
example, the plume was only surveyed to an
x/D value of 4.0 which is basically just
outside the potential core region. Thus
essentially no significant data were obtained
to define the plume decay characteristics.
Also, there appears to be an alignment
problem between the nozzle centerline and
the corresponding center origin of the Tt
measurements which is obvious when
viewing the x/D profiles which are off-set
approximately 1 to 1.5 inches from the
center of the measured Tt array.

Still the maximum Tt values were recorded,
however, which minimizes the effect of this.
Also, the Z dimension was not referenced
from the nozzle centerline, but from the end
of the Tt rake. This orientation is shown on
each of the Tt plots presented below. The Y
values are defined the same as in the Part 1
data, .i.e., the horizontal distance from the
center of the array, which, as note above,
may not be in alignment with the nozzle
centerline. While this rake misalignment is
unfortunate and frustrating, it is still possible
to get a reasonable recording of the Tt
profiles at each Y value except near the right
edge of the plots where the data is cut off.

Figs 16 through 20 show Tt profiles for the
confluent mixer at x/D values of 0.1, 0.5,
1.0, and 4.0. As expected, these profiles
show a basically symmetrical “pipe flow”
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profile for the hot core region dropping off
to the cold fan Tt levels in the outer annulus
areas. These profiles are, of course,
significantly different than the typical lobe
mixer profiles that are shown in Part 1. Fig
19 shows the Tt profile at x/D of 4.0, which
has become more parabolic and
symmetrical. Fig 20 is the same condition
but a re-peat point which shows good
repeatability in the data.

Figs. 21 through 24 show Tt profiles at the
same conditions as above for the 12 lobe
mixer with cutouts (12CL). The profiles are
similar from x/D of 0.1 to 1.0 exhibiting the
high temperature center spike superimposed
on the lower temperature peaks and valleys
near the mixer as seen earlier in Part 1. At
x/D of 4.0, fig. 24, note the similarity in
profile parabolic shape with the data in fig.
20 for the confluent mixer, but note that the
former has a significantly lower maximum
centerline Tt and a flatter parabolic shape
due to the mixing enhancement from the
lobes.

The mixer with cutouts from the 1995 plume
testing was also re-tested during the 1996-97
plume testing. The repeatability of this re-
testing is compared at x/D=0.5 in Fig. 22 for
the 1995 test and in Fig. 25 for the 1996-97
test. The free stream Mach number was 0.3
for the 1995 test data in Fig. 22, and 0.2 for
the 1996-97 data in Fig. 25. Also, of course,
the Z dimension to the Tt probe is
referenced differently in the two tests as
mentioned earlier which means the data in
Fig. 22 is not centered correctly relative to
the nozzle centerline. However, comparing
the two sets of data it is noted that the peak
centerline Tt values are approximately 1210
°R for the 1995 test and 1171 °R for the
1996-97 tests. The ambient Tt was
approximately 46 degrees hotter for the
1995 tests, but the free stream Mach number
was 0.1 higher. Both differences may have



some influence on the max. temperature
differences. The Tt profiles appear to be
similar in both tests in regard to the outer
peaks but some differences are noted in the
outer valleys, and at other off-center Y
values, that are not immediately understood
and are noted here for future reference.

Figures 26 through 29 show Tt profiles for
the 12 lobe unscalloped mixer (12UH) at
x/D values of 0.1, 0.5, 1.0, and 4.0. Similar
trends as noted above for the 12 lobe
baseline (12CL) are also seen for the 12 lobe
unscalloped mixer (12UH) for x/D values up
to 1.0 except that 12UH shows lower
maximum Tt values. A more significant
profile difference was noted at x/D of 4.0,
comparing Fig. 24 with Fig 29, wherein the
12 lobe unscalloped mixer (12UH) shows a
convex or “bowed” out profile for Z
distances outside the central high
temperature spike and the 12 baseline shows
the concave or parabolic profile in the same
region. Also a nonsymmetrical “dip” in the
left side of the 12 lobe unscalloped profile,
in Fig. 29, where the center spike region
begins to develop appears to be a local
anomaly in the data.

Figures 31 through 33 show Tt profiles for
the 16 lobe unscalloped mixer at x/D values
of 0.1, 0.5, 1.0, and 4.0. The data shows the
usual center peak as seen in the other lobe
mixers but at a lower Tt maximum value
than the 12 lobe baseline or 12 lobe
unscalloped mixer (12UH). A more complex
peak and valley profile sub-structure is
noted, presumably due to the increased
number of lobes, for x/D values up to 1.0.
However, at the x/D value of 4.0, Fig. 33,
the profile has a similarity to the convex
profile noted for the 12 lobe unscalloped
mixer (12UH), Fig. 29.

Figure 34 summarizes the maximum
“centerline” Tt decay for the 1995 NASA
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test mixers for x/D values up to the
maximum tested of 4.0. The significant Tt
reduction provided by the lobe “forced”
mixers over the confluent “free” mixer is
apparent from Fig 34. The 16 lobe
unscalloped mixer (16UH) had the lowest
maximum Tt values being significantly
lower than the 12 lobe mixer with cutouts
(12CL). The corresponding Tt decay for the
12 lobe unscalloped mixer (12UH) was
about midway between the 12 lobe baseline
mixer with cutouts (12CL) and 16 lobe
unscalloped mixers. For comparison, the
corresponding data for the 1996-97 NASA
LeRC tests are shown in Fig.1 of Part 1.

2.0 Total temperature contour plots for
selected mixers and test conditions

The X-Y total temperature data grid for
selected mixers and test conditions was
converted to an R-theta polar grid by
processing the NASA data using the Field
View program. Some interpolation of the
data field is required, which is done by Field
View, to fill in the required polar
coordinates from the rectangular
coordinates. The results of this conversion
are contour plots of total temperature taken
in a perpendicular “slice” across the plume
as viewed looking downstream in the
direction of flow. The temperature contours
on these plots are thus more easily
identifiable with the corresponding mixer
lobe geometry. It should also be noted that
the contour plots are presented in degrees F
whereas all other plume temperature plots in
this report are in degrees R.

3.1 Contour plots for selected mixers
from 1996-97 plume tests

Figs 35 through 41 show total temperature
contour plots for the 1996-97 NASA test
mixers. Figs 35 through 37 show the data
for the “full” survey taken at x/D=0.2 at the



1.74 NPR)core condition for the 12 lobe
baseline (12CL) with 100% length nozzle,
12 lobe baseline (12CL) with 50% length
nozzle, and the internal tongue mixer
(12TH). Also superimposed on the contour
plot is the nozzle exit diameter circle of 7.25
inches for reference.

Figs 35 and 36 readily show the spatial
orientation of the mixer lobes and the center
hot zone near the centerline for the 12 lobe
mixer with cutouts (12CL). The temperature
variation between the hot and cold side of
the lobes, the relative degree of mixing that
has occurred in the outer portions of the
flow-field, and lack of mixing in the very
central portion of the flow-field can be
deduced from the temperature contours. Fig
36, for the shorter 50% nozzle length,
appears to show more radial higher
temperature  zones between the lobes
suggesting less mixing than that shown for
the 100% nozzle length in Fig. 35. Fig. 37
shows similar data for the 12 pair internal
tongue mixer (12TH) but indicates the
presence of 12 distinct contours from the
tongues with somewhat different interior
mixing contours.

Figs. 38 through 41 show the same type of
contour data for the above mixers, plus the
20 lobe deep scalloped mixer (20DH), taken
at x/D of 0.5. These data were taken for a
“center” survey where the Y value was only
traversed from -0.75 inches to +0.75 inches
as opposed to a “full” survey. While this
data is more limited in scope, it shows the
same general patterns as noted above. Note
that the contour data for the 20 lobe deep
scalloped mixer (20DH), shown in Fig. 41,
reflects apparent increased mixing by virtue
of the coalescing of the discrete contours
around the lobes into a more uniform
temperature flow-field.
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3.2 Contour plots for selected mixers
from 1995 Plume tests

Figures 42 through 45 show total
temperature contour plots for the confluent
mixer, 12 lobe baseline mixer (12CL), 12
lobe unscalloped mixer (12UH), and 16 lobe
unscalloped mixer (16UH) at the stated
NPR)core condition respectively. The
annular contours of the confluent mixer,
shown in Fig. 42, are seen to be
fundamentally less complex, and less mixed,
than the typical contours generated by the
lobed mixers as expected. Also, the 12 lobe
unscalloped mixer (12UH) contours, Fig. 44,
are different than those for the 12 lobe mixer
with cutouts (12CL), Fig. 43. The 16 lobe
unscalloped mixer’s (16UH) lobe pattern is
reflected in the contours shown in Fig 45
which appears to show more mixing
penetration into the peak center area.

4.0 Conclusions

1. The 1996-97 AST mixer plume testing
has generated a very significant database of
plume measurements for several Rolls-
Royce Allison mixers. Additional plume
data, although more limited in scope, was
also obtained for these mixers tested at
NASA-LeRC during the first test series in
1995. A small portion of this combined
database has been presented in this report,
and in Part 1, and other plots of specific
interest can be generated as required in the
future.

2. The non-dimensional maximum
“centerline” total temperature divided by
ideal mixed temperature (temperature ratio)
plotted versus x/D axial distance shows the
same relative trends that were seen
previously as reported in Ref.1. The 20 lobe
deep scalloped mixer (20DH) and 20 lobe
unscalloped mixer (20UH) show more rapid
centerline decay than the 12 lobe baseline



mixer (12CL) or internal tongue mixer
(12TH). The temperature ratios for all
mixers tend to converge at x/D values
approaching 10 which suggest the axial
location where the centerline temperatures
approach ideal mixed temperatures. (See
figs. 1 and 4)

3. The ideal mixed temperature is not the
final thermal equilibrium temperature of the
plume which will continue to decrease,
beyond x/D of approximately 10, to the free
stream sink temperature. An extrapolation of
the maximum centerline decay curve
suggests that the ambient temperature level
would be reached around x/D of 30, or
higher, depending on the extrapolation used.
(See fig. 5)

4. The non-dimensional maximum
“centerline” velocity divided by the ideal
mixed velocity (velocity ratio) plotted
versus x/D shows a decay characteristic
trend that is similar to the temperature ratio
decay. It was observed that the velocity ratio
plots tend to cross the ideal velocity level at
x/D values near 8.0, whereas the
temperature ratio tends to cCross the ideal
mixed temperature level at x/D values near
10 (See figs. 6 and 7).

s. The “n” non-dimensional total
temperature parameter was generated for
several test and mixer conditions. This data
may be useful for predicting full scale
engine plume temperatures for given fan and
core temperatures (See figs. 8 through 15).

6. The 1995 plume data for 12CL, 12UH
and 16UH mixers showed relative trends
that are similar to those reported earlier for
the 1996-97 plume data. As expected, the
1995 data also showed the significant
mixing enhancement superiority, as gauged
by the maximum “centerline” temperature
decay, provided by the lobe mixers over the
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confluent mixer. (See fig. 34). The 16 lobe
unscalloped mixer (16UH) exhibited the
lowest ~maximum  “centerline”  total
temperature levels of all mixers tested at a
common comparison point (1.39 NPR core).
It is presumed that this trend would also
apply at the other test conditions although
the data is missing to substantiate this. (See
fig. 34 in this report and fig. 61 in Ref.1).

7. The total temperature contour plots are
helpful in visualizing the spatial orientation
of the individual plumes from the mixer
lobes and the center hot zone that was
typical for all of the lobe mixers (See figs.
35, 36 and 36). The basically annular
temperature contours for the confluent mixer
are, by contrast, seen to be fundamentally
less complex and less mixed than those for
the lobed mixers (See fig. 42).

8. When comparing the maximum centerline
temperatures of the plume, the variation in
bypass ratio from mixer to mixer should be
taken into account. In most cases the
variation is small; however, the 16 lobe
unscalloped mixer (16UH) resulted in a
relatively higher BPR compared to the other
mixers tested. This mixer would have a
larger percentage of cold fan flow, which
would have a more diluting effect on the hot
plume temperatures in the region of the
plume beyond the central hot core. This
would in turn tend to reduce the mixed
temperature decay based on simple heat
balance considerations. Thus the lowest
centerline temperatures recorded for the 16
lobe unscalloped mixer (16UH) may have
been primarily due to the higher BPR
dilution effect rather than from superior
mixer characteristics from the lobe design.



Table I Test Conditions for 1995 NASA Mixer Plume Tests

NPR)core

NPR)fan

Tt)core/Tt)fan

Mach No., M(fj)

1.39

1.44

2.34

0.1&0.3

Table II 1995 Rolls-Royce Allison/NASA Mixers

Mixer Description Exhaust Nozzle Length Comments
12 lobe baseline(*) (12CL) 100% With lobe sidewall cut-outs
Confluent (CONF) 100%
12 lobe Advanced (12UH) 100% No scallops
16 lobe Acoustic (16UH) 100% No scallops

(*) The 12 lobe Mixer with cutouts (12CL) was also re-tested during 1996-97 testing
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FIGURE 1

12 LOBE BASELINE MIXER-100% NOZZLE LENGTH

TOTAL TEMPERATURE - F AT X/D = 0.2
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340.0
240.0

. 140.0

40.0

D=7.25in.; NPRc=1.74; NPRf=1.82; TTc/TT£=2.79; M=0.2
1996 NASA-LeRC ACOUSTIC MIXER/PLUME TESTS

READING NUMBER T576
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FIGURE 2

12 LOBE BASELINE MIXER-50% NOZZLE LENGTH

TOTAL TEMPERATURE - F AT X/D = 0.2

D=7.25in.; NPRc=1.74; NPRf=1.82; TTc/TT£=2.79; M=0.2
1996 NASA-LeRC ACOUSTIC MIXER/PLUME TESTS

READING NUMBER T597
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FIGURE 3

INTERNAL TONGUE MIXER

TOTAL TEMPERATURE - F AT X/D = 0.2
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FIGURE 4

INTERNAL TONGUE MIXER

TOTAL TEMPERATURE - F AT X/D = 0.5
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READING NUMBER T532
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FIGURE 5

12 LOBE BASELINE MIXER-100% NOZZLE LENGTH

TOTAL TEMPERATURE - F AT X/D = 0.5
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NASA/CR—2002-210823/VOL2 121



FIGURE 6

12 LOBE BASELINE MIXER-50% NOZZLE LENGTH

TOTAL TEMPERATURE - F AT X/D = 0.5
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FIGURE 7

20 LOBE DEEP SCALLOP MIXER
TOTAL TEMPERATURE - F AT X/D = 0.5
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FIGURE 8

CONFLUENT MIXER
TOTAL TEMPERATURE - F AT X/D = 0.1
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FIGURE 3

12 LOBE CONVENTIONAL MIXER
TOTAL TEMPERATURE - F AT X/D = 0.1
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FIGURE 10

12 LOBE ADVANCED MIXER
TOTAL TEMPERATURE - F AT X/D = 0.1
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FIGURE 11

16 LOBE ACOUSTIC MIXER
TOTAL TEMPERATURE - F AT X/D = 0.1
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Part 3

Aerodynamic and Acoustic Data
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Table 3.1 1996 NASA Acoustic Test Matrix

Reading Numbers

100% L
Condition*| M(fj)"™* CONF* 12CL 12UH 12TH 16UH 20UH 20MH 20DH
A 0 287 415 138 386 101 443 337 233
B 0 288 416 138 387 102 442 338 234
Cc 0 290 417 140 388 103 441 338 235
D 0 201 418 141 389 104 440 341 236
E 0.2 295 423 145 385 108 436 345 240
F 0.2 294 421 144 384 107 437 344 239
G 0.2 293 422 143 383 106 438 343 238
H 0.2 292 419 142 382 105 439 342 237
l 0.3 296 424 146 375 109 435 346 241
J 0.3 297 425 147 379 111 434 347 242
K 0.3 208 427 148 380 112 433 348 243
L 0.3 299 428 149 381 113 432 349 244
75%L
Condition*}]  M(fj) CONF 12CL 12UH 12TH 16UH 20UH 20MH 20DH
A 0 - - - - - - - -
B 0 - - - 469 - 468 - 456
Cc 0 - - - 470 - 467 - 455
D 0 - - - 471 - 466 - 454
E 0.2 - - - - - - - -
F 0.2 - - - 474 - 465 - 453
G 0.2 - - - 473 - 464 - 452
H 0.2 - - - 472 - 463 - 450
1 0.3 - - - - - - - -
J 0.3 - - - 475 - 460 - 447
K 0.3 - - - 476 - 461 - 448
L 0.3 - - - 477 - 462 - 449
50%L
Condition*] M(fj) CONF 12CL 12UH 12TH 16UH 20UH 20MH 20DH
A 0 - 269 213 396 120 318 356 250
B 0 - 270 214 397 121 319 357 251
c 0 - 271 215 398 122 320 358 252
D 0 - 272 216 399 123 321 359 253
E 0.2 - 276 220 403 127 325 363 258
F 0.2 - 275 219 402 126 324 362 257
G 0.2 - 274 218 401 125 323 361 255
H 0.2 - 273 217 400 124 322 360 254
! 0.3 - 277 221 404 128 326 365 259
J 0.3 - 278 222 405 129 327 366 260
K 0.3 - 278 223 406 130 328 367 261
L 0.3 - 280 224 407 131 329 368 262

* See Table 3.2 (next) for explanation of operating conditions A-L ** M(fj) = Free-jet Mach number
*¥ See Table 3.3 for mixer-code nomenclature
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Table 3.2 1996 NASA Acoustic Test Matrix

Nominal Operating Conditions

Condition] NPR(fan) NPR(core TTR
AE! 1.21 1.17 2.21
B,F,J 1.44 1.39 2.34
C,G, K 1.61 1.54 2.62
D,H,L 1.82 1.74 2.79

Table 3.3 Mixer-Code Nomenclature

Mixer Code Mixer Description
CONF Confluent
12CL 12-lobe with cut-outs & low penetration
12UH 12-lobe unscalloped & high penetration
12TH 12-pair tongue mixer
16UH 16-lobe, unscalloped & high penetration
20UH 20-lobe, unscalloped & high penetration
20MH 20-lobe, moderately scalloped & high penetration
20DH 20-lobe, deeply scalloped & high penetration
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No ture for Aer ic Data

NPRCA Nozzle pressure ratio of core stream

WPACT Mass flow rate of core stream (1b/s)

ATTCA Total temperature of core stream (°R)
APTCA Total pressure of core stream (psia)
APSCA Static pressure of core stream (psia)
NPRBA Nozzle pressure ratio of bypass stream

WPABT Mass flow rate of bypass stream (1b/s)

ATTBA Total temperature of bypass stream (°R)

APTBA Total pressure of bypass stream (psia)

APSBA Static pressure of bypass stream (psia)

RTTA Total temperature ratio between core and bypass streams
AVMEX Free-jet Mach number

PAMB Ambient pressure (psia)

TA Ambient temperature (°R)

HUMIN Ambient relative humidity (%)

WBACT! Mass flow rate of main bypass stream (Ib/s)
WBACT2 Mass flow rate of additional bypass stream (Ib/s)
VEXITA Calculated exit jet velocity (fi/s)
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